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NATIONAL ADVISORY COMITTEE FOR AERONAUTICS

RESEARCH MMXWDUM

CONTROL ~ AND KIIGE-MOMENT ~
s

AT AMACHIIOMBER OF1.90FAIWSE mm

TRHIJ2?G-1311W?IFLAP ON A KIGHIY TKPERED

LOW-ASYECT-RATIO WING

By D. William Chn&er and Meade H. Mttehell, Jr.

.

Nose flaps and trailing-edge flaps were tested on a halfspan wing
model in the Lsngley 9- by U-inch supersmic” blowdown tunnel in the low
angle-of-attack range at a Mach number of 1.9 and a Reyaolds nuuiber
of 3,000,000. The ~ had an aspect ratio of 1.06, taper ratio of 0.31,
and had airfoil sections composed of a thin fla.t-ylatecenter section
with the nose and trailing-edge contours fohned by the wedge profiles of
full-span constant chord fla~s. All tests were made in the presence of a
half fuselage.

The nose flap was effective in reducing the pitching moment associ-
ated with trailing-edge-f lap deflection. The nose flap appeared to have
about the same lift-producing effactiveness as did the tiailing-edge flap.
The maxhuum lift-drag ratio was decreased when the nose flap was deflected
up and was unchanged when the trailhg- edge flap was deflected down. The
flap hinge moments caused by nose-flap deflectlon had approximately twice
the magnitude of the hinge moments caused by trailing-edge-flap deflection.
The rate of change of flap hinge moment with wing angle of attack was
about constant for the nose flap but varied in value for tie trailing-
edge flap. The value”for the trailing-edge flay ficreased negatively
with ticreasing angle of attack smd with increasing deflection of the
tmiling-edge flap and, for tie conditions tivestigated, ranged from 5 per-
cent to 37 percent of the correspmiiing (constant) value for the nose
flap. Such a wide variation in the relationship between the hinge-moment
characteristics of the two flaps would llmit any attempt to effectively
reduce the control force by interlimking the flaps of this configurateion
h a fixed linkage ratio. The nose-flap hinge moments calculated from
second-order supersonic wing theo~ were h reasonable agreement with
the exp&imental values.
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INTRODUCTIOII

*
One of the problems confronting the desi~er of supersonic aircraft

concerns the selecticm of a wing-flap ccmbin@tion which”@J_l provide
adequate lateral control at all speedsj and yet will not have prohiti-

--

tively high drag. lhom the free-fli.@t inves+igatim of reference 12
it was found that the rolling effactiveness g? a full-span trailing-edge
flap was tiproved tlrmugh the transonic and low superscmic range when ““ -”‘- “---
I%e wing aspect ratio was reduced} taper ratio was decreased> sweep

_

amgle of the flap elements was increased, or the airfoil-section thickness-
ratio was decreased. Fortunately, most of these items have a favorable
effect in minhnizfng the supersonic wave drags It appears that a thin,
low-aspect-ratio wing with a high amount of taper not only has most of

—

the desirable features for realizing adequate.lateral c“bntroland low
—

drag, but also offe~ a practical structural._&rangemant. A wing of ““-““““
—

such gecmetq was accordingly chosen for a flap investi@tion at a Mach
—.

number of 1.90 in the Langley 9- by X2-inch supersonic%Iowdown tunnelc .,

Iu addition to a conventional trailing-e@ge flap} a full-span nose
flap was incorporated in the half-span wing model. Nose flaps have been

-.

considered as a means of ticreasing maximum l$ft or controlling the stall
at low speeds and for reducing wing twist or_@alanc@>ut part of’Khe
trailing-edge-flap hinge mcments at supersonic speeds.“-A free-flight -

,.—,. K

rocket investigation of nose-flap effectiven6&s is repc&ted in refer-
*,

ence 2. Hinge moments were obtained for boti.a nose fi.apand a trailhg- ~
edge flap at a Mach number of 1;93 in the Lai@ey 9-inch supersonic
tunnel (reference.3) on a wing hapng en as>_ct ratio of 3.14 and a
taper ratio of 0.59, The wing used k the present ‘investigationhad

.—

an aspect ratio of 1.06 and a taper ratio of f).31. Re~orted herein are
the results of this investigation, which tnclude lift,-dragj and pitching- ‘=
and rolling-mament coefficients for the wing ~d hinge-moment coefficients

.-

for both the nose flap end trailing-edge flap”.
.—

All tests were made In
the presence of a fuselage.

—
-,

SYMBOLS

CL lift coefficient
()
Lift
~

CD drag coefficient
()
~

cm pitchtig-momnt coefficient :.:

[

Pitching

.)

mument about ce~ter.C@ area
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gross rolling-manent coefficient

(

Gross rolJ

)

@? ~t about axis of fuselage
2qs %

Mnge-manent coefficient of nose flap

(Moment about h@e axis of nose fla
2q mcauentof flap area about hinge axis

‘)

hinge-manent coefficient of trailing-edge flay

(Moment about hinge axis of trailing-cd% fla
2q moment of flap sxea a%out hinge axis ‘)

free-stream @m3mic pressure

exposed semispan wing srea (7.20 sq. in.)

mean aerodynamic chord of exposed.wing srea (4.27 in.)

twice the distance from fwelage axis to wing tiy (4.954 in.)

angle of attack measured with respect to free-stieem
‘direction

nose-flap deflection, measured
axis (positive when leading

trailing-edge-flap deflection,

in plane normal to h-e
edge is above chord plsne)

measured in plane normal to
hinge axis (positive when &ailing edge is below chord
plane)

Reynolds nwnber, based m 5

Mach number

MxEL

‘A photograph of the half-s- flapped wing model is presented in
figure 1. The principal dimensions of the configuration.sre shown in
figure 2. The steel wing and brass fuselage had polished surfaces.

The wing had a 45° sweptback leading edge and a 45° sweptforward
trailing edge. The aspect ratio was 1.06, and the taper ratio was 0.31,
based upon wing dimensions obtainedby extending the leading and trailing
edges to the axis of the fuselage. The main wing panel was a flat plate,
and the resulting wing thiclmess ratio equaled 3.4 percent chord at the ...

. .
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fuselage juncture amd 9 percent chord at the wing tip. Attached to the
main wing panel were full-span cbnstant-ckord nose and trailing-edge
flaps. The flap cross sections were wedge shaped .wi++an included wedge
angle of U..~” measured stieamwise.

*
The constant chord of each flap

amounted to 17 percent of the wing chord at the fuselage juncture, or
approximately 45 percent of the tip chord. As shown in figure 2, the
outboard ends of the flap and wing were mc:difiedto stuud.atea configu-
ration using outboard flap hinge bearingst ‘+ flaps were attached to
the main wing panel with full-span hates fitted.in grooves on the wing
chord plane. A range of flap deflections was obtained through the use

-—

of interchangeable plates, each bent to a given deflection. The bend
ltie lay along the flap hinge line. This exmngement corresponded to a
sealed flap having no overhanging balance.

The present tests were conducted in the Langley 9- by IZ-inch
supersonic blowdcmn tunnel at a free-stream Mach nuniber.of1.9. The
tunnel is of the nonretuzm @pe end utilizes the exhaust air from the
Langley 19-foot pressure tunnel. The air enters the tunnel at m

absolute pressure of about ~ atmospheres and conti about 0.003 pound
~.

of water per pound of air. -—.

The half-span wing model was cantilevered.frcnn‘thetunnel wall end
●

was tested ti the presence of a half fuselage. The half fuselage, which”
was shimued out 0.25 inch from the tunnel wall, rotated through the
angle-of-attack range tith the wing, dticu@ no fuse- 1~~ were
measured. A discussim is given h reference 4 cancea the various
factors which might cause the experimental.results obtatied by this test
technique to cliffer from What would exist in the ideal case (complete
model in free flight). The flat plate central.panel of the wing extended
through the fuselage to connect the wing with @e balance. Under no
load the gap between the extended central panel and the”fmelage was
O .Ol~ inch, and the gap betwean the overhanging portion of the wing end
the flselage was O .00~ inch. A few pressure mgasurements obtained on
the portion of the central pel shielded f-. me ~r s.~e~ by tie . “~. -
fuselage indicated no signific~t air l~d-s ● ~ =@e- Of-at~ck r-e . ..
was lhuited by the deflection due to aerodynamic loads.

Flap maments were measured by two electrical stiain gages mounted
on each surface of each attachment plate (fig. 2) ● The ‘electrical
centers of these gages about which tie moments_were measured were dis-
placed about 0.03 inch fran the bend line and the flap fiea momm.t u&ed. 4;.
in calculating hinge-mmnent coefficients were _taken~omd t@e axis of
the electrical center. It was believed that hinge-mment coefficients
obtained in this manner would closely approxhnate the true hinge-moment 2.
coefficients taken with respect to the flap hinge line. The flap

.
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deflections have bean corrected for deflection
‘inesmsof static calibraticme and measured flap

5

due to flap loading 3Y
hinge mczuents.

The dynamic pressure and test Reynolds nuuiberdecreased about 3.5 pep
cent during the course of each run because of decreasing pressure of the
inlet air. The average dynamic pressure of these tests was H.7 pounds
per squere inch, and the average Reynolds nmiber was 3,000,000.

=ISIOR OX’H

Free-stieam Mch nmnber has been calibrated at 1.90 t 0.02. This
Mach nuniberwas used h detezmdming the Qmnic pressure. Calibration
tests made with the tumnel clear b the space normally occupied by the
model and extending about h inches ahead of the wing reference axis and
outside the wall bomdary l~er indicated that static pressure varied
about tl.5 perte@ frcm a mean value.

The acclmacy of measurements is believed to be of the”order
indicated in the-following table:

Variable Error

a to .050

Sn and bf .15

CL .005

cl) .001

cm .001

c%
and C

%
.01

cl .003
g

RISULTS

Sizable changes in flap deflection from the no-load values were
introduced by aerodynamic flap loading. As will be shown later, the

trailtig-edge flap had little change in loading throughout the angle-of-
attack range and, therefore, ~d a relativeQ cons~t (to“05°) corrected

- Fd



deflection for any given configuration. ‘lhengse flap, ~n the other
hand, had large load changes due to angle of attack and, consequently, “
had a variable deflection through the angle-of-att.ack”rsnge.A consider-
able nuniberof tests were unrelated in terms of 5f to any other tests
and therefore these data could not be incl-adedIn the plots and cross-
plots Intended for use in analyzing the characteristics at constant
value of nose--flapdeflection. In order to present all data for constant
nose-flap deflections as well as to avoid a heavy dependence on the
fairing between two or three test potits necessm in crossplots, the”
plots for constemt nose-flap deflection have been derive~, not fram
crossplots, but from the test points modified in veJ_ueby means of the
following procedure:

1. Each aerodynamic component”was plotted against nose-flap deflec-
tions and for constant.values of trailing-~dge:flap deflbctionb and for
constant angles of attack. These plots are presented as-part (a) of
figures 3 to 79

2. Each test point was then shifted by an increment in the coeffi-
cient which, in effect, would change the nose-flap deflection for a given
test condition to a constant value through the angle-of-attack range.
The shift (usually less than 1°) was to the nearest of three arbitrarily
chosen deflections: 0°, 4.6°, or 8.7°. (!l%ese psrticulti deflections
allow the nose flap to be”compared with the trail.~-edge flap at the
same flap deflections.) The increment in coefficient was calculated as
the product of the ticrement in nose-flap deflection, and the average
slope values obtained fr~ part (a) of the figures 3 to 7. In the case
of rolling-moment coefficient, the value of dC~/d~ was lacking and
had to be approximated from dc~dbn and an timmed fixed location of
the spanwise center of pressure. The modified data were used in plotting
the remaining parts of figures 3 to 7 and figures 8 and 9.

Only two to four data points were available for defining each curve
of aerodynamic coefficient plotted against flap deflection (figs. 3 to 7)
because of the limited nuniberof test cacflgurations. It was %elleved,
therefore, tiat the only amJ-Ysis j~tffia~le wo~d be one l~ted to

deterndning the over-all trends and that this could best be acccnnplished
by fairtig a family of related curves for each figure (when no appreciable
discrepancies exist between pofits of id~ntic~ conditi~s oh the f9~ed.
curves of the several parts of each figure). S~bols hme been used b
presenting the modified data h order to show,crlearlythe scatter in the
modified data points from the faired curves. The use of--symbolsaids in””
separattig the definite trends in the aerodynamic characteristics from
the random test errors lmown to be present.

DISCUSSION ..

For a complete model of thiswing confi~ation at_M = 10~, the

trailing-edge flap on one panel would lie within the region of influence... .
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of Khe nose flap cm the other wing panel. Since the complementary wing
ynel was a mirror image of the half-span wing undergoing tests the
fla~ configuration in the tests simulated flaps (producing lift~ on a
ccsnpletemodel, rather than ailerons (producing rolling moment through
flap deflections of the opposite sense on the two wing panels). -Itis
believed that when the flaps act as ailerbns the interference effect of
the nose flap on the opposite trailing-edge flap would be small.

L~ft .- Scme mnald nonltiearities appeared to exist in the rate of
change of lift coefficimt tith deflection of each flap (figs. 3(a)
and 3(b)), though the amount of data is not considered sufficient to
deftie any general trends in interaction effects. The average value
of dCL/d5 was 0.004 for both flaps, and when the two flaps were
deflected egudly (up deflectim of the nose flap and down deflection of
the trailtng-edge flay) dCL/d5 equa~ed 0.007 indicattig *hat the lift
effectiveness was almost additive. The lift coefficient varied linearily
with the angle of attack for all flap ccmb@ations and @d a value
of dCL/da of about 0.0365. No attempt has been made b calculate the
loading of t@ls fig at this Mach number, since the Mach cone originating
at the wing tip intersects the wing-fuselage juncture. It should be
yointed out that the test results of reference 4 indicated that when the
size of the fuse- is relatively lerge with respect to the ~, the
wing angle of attack may be effectively increased by as much as 30 percent
by the upwash field of the fuselage.

Dr3 .- The minhnum drag coefficient for all flap combinations
(fig. ranged from 0.020 to 0.024, end, in general, occurred somewhere
within the range of angles of attack tested. For any given positive”
angle of attack tested, the drag coefficient increased with increasing
nose-flap deflection (fig.l(a))but did not increase appreciably with
trailhg-edge-fla~ deflection (fig. l(b)) until after a flap deflection
of 8° was reached. At positive angles of attack the magnitude of the
drag rise causedby deflecting the nose flap was unaffectedly trailing-
edge-flap deflection. Deflecting the trafling-edge flap in the positive

-.

angle-of-attack range caused tie curve of’ @ plotted against a
(fig. l(d)) to be merely displaced by a positive increment in drag coeffi-
cient. Deflecting the nose flap tended to rotate the curve with a
resultant increase in the slopes along the curve and a decrease in &e
sngle of attack for minimum drag.

In figure 4(9) a tangent from the origin to each curve of ~
plotted agatist ~ could be obtained or closely approximated fimn the ‘~-
faired curves for nearly all flap combination thus msking possible a
a Mnited analysis of .max3mm lift-drag ratio. With fla~s unreflected,
the msxtium value of lift-drag ratio for the wing panel was about 6. h
the positive lift range value was reduced when nose flaps were deflected
but was not ohm~ed when trailing-edge flap was de~lected (up to bf = 80). ‘
It should be pointed out that fuselage drag is not included, and the
trends in drag for the complete wing-fuselage combination could be much
different.

t----
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Pitching moment.- The value of d~d~n obtained from the curves _

of figure ~(a) was independent of trail=- edge-flap deflecticm but
decreased as the angle of attack yas increaaed. The value of ~d6f
was tidependent”of both nose-flap def’lecticnand emgle of attack. A

*

nose flap would be very effective in reducing wtng twist caused by
trailtig-edge-flap deflection. For any fixed tmiling-edge-f lap deflec-
tion, the amount of nose-flap deflection z%quirbd .tobalsime out the
pitching moment associated with”trailing-edge-flap deflecti.’onwofid. ““-”“”-
increase with increasing angle of attack ~d woticiequal”the trailing- “-
edge-flap deflection at en angle of attack neti,4°. . .—

The positive values of d~da and d.~dCL (figs. 5(d) and 5(e))
decreased slightly as the nose-flap deflection was increased. The chord-
wise aerodynamic-cen”terlocation calculated.frcuh ~dC!L for the flaps-
neutml condition was 18 percent’of the mem aerodynamic;chordahead of .
the center of area. Deflecting’both flaps to 8,.7°moved the aerodynamlc-
.centerposition back about 3 yercent of the wag aerowc chord”tit% -

..-

no appreciable trim change at zero lift. _.:

Flap hinge moments.- The hinge-moment cmf$icient oi?.thenose flap
varied linearly with nose-flap deflection as shown by figure 6(a) . The ‘--
value of dChn/d~, which was about 0.020, was little tifected by either—

.—

angle-of-attack change or traillng-edge-fl&p dg~lection._ The data ~hown. _____ ~
in figure 6(b) for two consecutive tests of a given nose-flap setting
where bf was tested at 0° and 13° indicated that the hinge-manent
coefficient of the nose flap was essentially independent of trailing- -
edge-flap deflection. The value of dCh@.a was about 0.038 (fig. 6(c))

w

with sane slight unsystaatic variations (vithin the experimental
accuracy) for variom flap ccmblnaticms●

..—

me Wlue of d~d~ was calculated by the three-dhmnsj.onal

flat-plate theory (ref&ence 5) to be 0.0135. -When this value was
corrected for thickness by using Busemann’s secmd-order approximation ““ ..-
theory with sections and Mach mmiber components taken noz%al to the
leading edge and by considering the two-dimensional thiclsness-effect
factor to apply in the tip cone fields, the value of dC&JW& was

increased to 0“.0226. !Lhisvalue was about 10 percent hi@& than
experiment. The flow fields an the nose flap would be the same for
angle-of-attack chsmge as for flap deflection and, tiherefore, the

.-

calctited dC&#u would dfifer from the calculated ~~dan only
by the secant of’the sweep angle. The resulti-t calcfia~ed value

-.

of dch~ti would not ticlude the effect of @elage upwash. The qpwash
—

along the flap leadlng edge was calculated by a method recoxmmnd6d in
reference 6j and when this was applied to the “s’&n-lo&l’‘dlstribution of““ ~- ““ -
the flap, the value of dChn/da was ticreased to 0.037, which was

~.

slightly lower than the experimental value of 0.038. It-should be
pointed out that theory assumes an attached shock wavej w%ereas, the .
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angle at which the shock detaches for the Mach component normal to the
wing leading edge is slightly less than the wedge half angle of this
flap profile.

As shown in figure 7(a), the hinge-mcment coefficimt for the
trailing-edge fla~ %ecame more positive with increasing nose-flap deflec-
tion in the negative angle-of-attack range. The ma~ltude of this effect .
diminished with increased angle-of-attack l.ultilat a = 3.75°, the highest
investigated, the value of Chf tended to be independent of nose-flap
deflection. The traillng-edge flap hinge-mment coefficient varied
almost linearly with tr&iling-edge-flay deflection (fig. 7(b)), with the
value of dChf/d~f beccming slightly more negative with increasing angle of
attack. The average value of dChf/dbf W- about -0.010. The rate of

chauge of Chf with angle of attack, shown in figure 7(d), increased
negatively with angle of attack ad with deflection of the trailing-edge flap.
Tn the positive angle-of-attack range increasing the trailing-edge-flap
deflection from @ to 13° increased negatively dChf/da from -0.002

to -0.O@ for ~ = Oo -from -0.fi ~ -().014for ~n . 8.706

Since the lxlmgemoments caused by nose-flap deflection were about
twice those caused by trailing-edge-flap deflection, a fixed linlc~e
ratio (equal _&@) between the flaps would practically balsnce out the
control force reqtired for flap deflection. Neither &is nor any other
fixed limkage ratio would, however, be universally effective in balancing
out hinge mcments caused by angle-of-attack change because of the large”
variation in the value of dChf/da (which ranged from about 5.ta
37 Percent of tie constmt ml.ues of dChn/da). As a matter of interest,

the hinge-mcment measurements of reference 3, which were obtained at
about the seineWch number but on a %dmg having less taper, higher aspect
ratio, and no fuselage, Wicated that nose-flap hinge moments due to .
both angle of attack and flap deflection were three ttis as large as
the corresponding hinge mcments for the trailing-edge flap, and a
Unkage system appeered feasible.

Rolling-momsnt chsracteristics.- After completing tests on this
model, the balance systcauwas altered to include measurements of rolling
mconent. The roll ccrmpohentof the balemce ~s”designed for m@els
having values of wing span and srea several times those for this model.
As a result, when roll~-moment characteristics were obtained frcm
additional tests of this model, the accuracy between test configurations
was not of a sufficient degree for quantitative analysis of flap rolltig
effectiveness. There was, however, a consiste cy in the rate of change

(/
of gross rolling moment with amgle of attack dCZg da) for the various flap

combinations. J@an the data of figure 8 em average value for dC2 /da

of -0.0053 was obtained. Fram this value and a value of d~/da= ‘0.0365,
the spanwl.secenter-of-pressure location of the e~osed panel was

calculated to be O.% from the fuselage center llne. This distance is

the same as that to the spenwise centsr of area of the exposed panel.
;-=..-— ...-–=-..-..*-
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Fuselage length.- A
the nose of the fuselage
24.percent. The resul;s
wing farther back on the

4
few tests were made h which the distance fraa
to the ndiq?oint of tie wing wa~ thcreaf3pd. by .._. :

shown in figure 9 i@icate tha~”locating the ‘4
constant dMmet8r sec,tionof the fuselaae had

no ;oticeable effect on the aerodynamic characteri~tics of the w~ng.
.

Unsealed flap.- The plate used in obtairdng bf = 4.6° was —

slotted along the bend line to determine any effects of unsealing the
flap. The leading gdge of the flap was c~t away to very the width of
the gap between the whg panel and the fla~ by amounts ‘~ing from 1
to 7 percent of the flap chord. The data are not presented since there
was no appreciable effect on the measured aerodynamic characteristics

.

of either the flap or the wing. A test with the wing reversed on the
fuselage showed that Me 7-yercent slot in t@e flap di~not change the -’
hhge-moment characteristics of the flap acting as a nose flap at tbt
flap deflecticm.

.—. -.
., -, :.. ... .

CONCLUSIONS —.

l?rcmtests at a Mach nmnber of 1.9 of a trapezoidal low-aspect-
ratio wing witi a’nose flap and trailing-edge flap h we Langley 9-

—

by 12-tich supersonic blowdown tunnel,
*.

the following conclusicms may
b-edrawn: .—

1. Deflecttig the nose flap.was ap effective m~-”of reducing
.

the Qitchhg moment associated with the trailing-edge-flap deflectiu.
For any fixed trailing-edge-f@y deflection, we amount of nose-flap

—

deflection required increased with increasing angle of ~attackand would : ~ ““”
equal the trailing-edge-flap deflection at an angle of attack nem 4°.

._.-
. . . ——..—

2. The nose flap appeared to have stout the same lift-produc~
effactiveness as did the tiillng- edge flap. The maxhnum lift-drag
ratio was decreased when the nose flap WS deflected agd was unchanged
when the trailing-edge flap was deflecte~. .

.-.
3. The flap hinge moments cauqed by nose-flap deflection had twice

the magnitude of the‘h3.ngemoments”cavsed by trailing-e”dge-flapdeflec-
tion. The rate of change of flap hinge mc&nt with wing angle of attack
was constant for the no6e flap hut varied in ‘+aluefor”the traillng-edge
flap. The value for the trailing-edge flap ~creased negatively with
increasing angle of attack and with increasti”gdeflect@n of the
trallhg- edge flap and, for the cgn.ditioimirivestigated,ranged from
5 percent to 37 percent of ‘thecorresponding (constant)value for the
nose flap. Such a tide variation in the relationship l?etweenthe hinge-
moment characteristics of the two flaps would limit any attempt to
reduce offectively the control force by inte~linking the flaps of this
configuration in a fixed linkage ratio. ..-
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4. The nose-flap hinge mcm.entscalculated
sonic wing theory were in reasonable agreement
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